Introduction
The Gawler Craton, in southern Australia ( fig. 1 ), has a protracted tectonic, metamorphic and magmatic history spanning the late Archaean to the Mesoproterozoic (e.g. Daly et al., 1998; Fanning et al., 2007) . Despite being a region of exceptional economic potential the evolutionary framework for the Gawler Craton is still poorly constrained. Many of the ambiguities surrounding the evolution of the Gawler Craton revolve around the timing, spatial distribution and thermobarometric conditions of the tectonic events, which have affected the craton (Daly et al., 1998; Fanning et al., 1988; Fanning et al., 2007; Ferris et al., 2002) . To the immediate east of the Coffin Bay Peninsula extending north to Drummond Point lie the Archaean aged chloratoid -andalusite bearing Hall Bay Volcanics (Fanning et al., 2007; Swain et al., 2005b) . Overlying this unit is the c. 1760 Ma greenschist facies phyllitic schists of the Price Metasediments (Fig. 2 , Oliver & Fanning, 1997) . To the east of these units lie the late Archaean Wangary Gneisses (Fanning et al., 2007) . Outcrops of the Wangary Gneiss at the Frenchmans and Coles Point ( fig. 2 ) consist of a muscovite -biotite -andalusite stable schist ( fig. 3c ), indicating these rocks have never experienced pressures above the stability field of andalusite (c. 4 kbar).
Tectonothermal events of the southern Eyre Peninsula
Parts of the southern Eyre Peninsula record the affects of at least two deformation/metamorphic events. The Sleafordian Orogeny (c. 2440 -2420 Fanning et al. 1988; Daly and Fanning, 1993; Daly et al., 1998) is characterised by high temperature-low pressure (HTLP) greenschist to granulite facies metamorphism (Daly & Fanning, 1993; Fanning et al., 1981; Schwarz, 2003a) , which affected the late Archaean component of the Eyre Peninsula ( fig. 2 ). Little is known about the tectonic setting or structural evolution of this event as it has been thoroughly overprinted by subsequent events. The Kimban Orogeny (c. 1730 -1690 dominates the tectonic architecture of the southern Eyre Peninsula, overprinting all earlier fabric systems (Parker, 1993; Swain et al., 2005a; Vassallo & Wilson, 2002; Webb et al., 1982; Webb et al., 1986) .
The most obvious expression of the Kimban Orogeny is the development of the Kalinjala Shear Zone ( fig. 2 ). This forms a subvertical high-strain zone up to 6 km wide and c. 400 km long, along the eastern edge of the peninsula (Parker, 1980) ; Parker et al., 1993; Vassalo and Wilson, 2002) . The Kalinjala Shear Zone separates the Sleafordian aged rocks and younger cover sequences of the Hutchison Group from the 1850 Ma Donnington Granitoid Suite, which comprises the bulk of the southeastern Gawler Craton ( fig. 2 ).
Intense Kimban aged deformation and metamorphism is localised into a domain ~50 km wide around the Kalinjala Shear Zone ( fig. 2) , with 10 kbar granulite-facies rocks within the core of the shear zone and lower P (6 kbar) granulites on the flanks of the shear zone (Hand et al., 1995; Tong et al., 2004) . The metamorphic grade decreases to low-P amphibolite facies to the north of the peninsula (Parker et al., 1993) , suggesting the structure has an overall obliquity in its along strike exposure.
In the Hutchison Group ( fig. 2 ), north-directed layer parallel transport evolved into non-cylindrical fold systems that parallel the overall transport vector along the orogen (Vassalo and Wilson, 2002) . In the Donington Suite, discreet mylonite zones more commonly express the deformation (Parker et al., 1993; Vassalo and Wilson, 2002) . Macro-scale drag into the Kalinjala Shear Zone suggests it developed mainly in a dextral transpressive regime (Vassallo and Wilson, 2002 (Oliver & Fanning, 1997; Swain et al., 2005b) . Geochronological studies from the western Eyre Peninsula using K-Ar, Ar-Ar and Rb-Sr methods on micas indicate that the region reached c. 500 °C at c. 1673 Ma (Nebel et al., 2007) and cooled through c. 400 °C by 1650 Ma (Foster & Ehlers, 1998; Webb et al., 1982) and c. 300 °C by 1620 Ma (Foster & Ehlers, 1998; Webb et al., 1982) .
Structural reworking of the Coffin Bay Peninsula
The coastline of the Coffin Bay Peninsula ( fig. 4 ) preserves a limited window into the late Archaean granitic basement of the southwestern Eyre Peninsula. The earliest fabric developed is a weak magmatic fabric (S granite ) defined by aligned tabular feldspar grains within the peraluminous granite ( fig. 3a) . This fabric generally trends NW to NE and predates all other fabric development having occurred during the emplacement of the granite body ( fig. 4 ).
The main structural elements, besides the pre-existing weakly developed magmatic fabric, are a number of strongly developed sub-mylonitic to mylonitic and migmatitic shear fabrics (both S 1 and S 2 ), ranging in width from 30 cm to approximately 300 m, which have reworked the Sleafordian-aged granites and mafic dykes ( fig. 4 ) and obliterated the pre-existing weak magmatic fabric in the granites. that the E-W shear zones (S 2 ) post date the N to NE orientated (S 1 ) shear system. However, there is no discernable petrological or kinematic difference between the S 1 and S 2 structures, and they are therefore interpreted to have formed during the same deformation event (S 2 structures, like S 1 , consist of both mylonitic and migmatitic shear zones). Well developed mineral stretching lineations (L 1 , L 2 ) occur on both the fig. 4 ). This apparent conflict between dextral and sinistral shear zone movement on either side of the peninsula is discussed in more detail below.
The bulk of the shear zones on the Coffin Bay Peninsula are developed in felsic lithologies, now represented by either fine-grained discrete sub-mylonites to mylonites ( fig. 3e) or, in the case of the larger shear zones, stromatic migmatites.
There is no observed difference in orientation, structural setting or timing between the mylonitic and the migmatitic shear zones and they are therefore interpreted to be structurally equivalent (both S 1 and S 2 structures, with S 2 slightly post-dating S 1 development).
Sub-mylonitic to mylonitic shear zones within felsic lithologies contain a strong foliation defined predominantly by a bimodal quartz -feldspar grain size distribution with mostly fine grained dynamically recrystallised grains together with large relic grains which show undulose extinction. Shear fabrics developed in the deformed mafic dykes vary in intensity, from a well-defined foliation defined by an alignment of hornblende, through to a mylonitic fabric defined by highly deformed plagioclase ± quartz ribbons ( fig. 3f ). 3g ). In migmatitic mafic dykes, garnet ± clinopyroxene-bearing felsic segregations have been deformed into foliation-defining structural elements ( fig. 3f ), but also locally occur as undeformed segregations that crosscut the hornblende foliation ( fig.   3h ).
Due to the limited outcrop and the paucity between exposures, it is not possible to map the S 1 and S 2 shear zones out in their entirety. It is therefore difficult to place the development of the shear zones into an overall model, especially considering the apparently conflicting kinematics. One possibility is that the shear zone fabrics define the limbs of a regional scale, doubly plunging (NE and SW) fold system (e.g. Goscombe & Trouw, 1999) . The orientations of the shear fabrics when plotted on a stereonet define a girdle which suggests a NE trending fold axis (fig. 4 ). The asymmetry of data along this girdle, with a predominance of westerly dipping foliations, suggests this fold system is east-vergent ( fig. 4 ). Unfolding this structure resolves the apparent opposing kinematics seen on opposite sides of the peninsula 
Petrography of the felsic shear zones
Mylonitic felsic shear zones are dominated by an assemblage of qtz -ksp -pl ± minor bi ( fig. 3d ; abbreviations after Kretz, 1983) . In the migmatitic shear zones, leucosomes occasionally contain garnet, however the bulk of the leucosomal segregations in deformed granites lack an Fe-Mg peritectic phase. The fabric in the intervening (non leucosomal) shear zone volume is predominantly defined by an assemblage identical to that of the mylonitic shear zones (qtz -ksp -pl ± bi) although in places it also contains sillimanite as a minor component. Garnet-bearing shear fabric assemblages are comparatively uncommon with garnet only being found in regions of lower strain where it forms sub-hedral crystals surrounded by a fsp -qtzsill ± bi assemblage ( fig. 5a ). Cordierite appears to be entirely absent from all shear zone assemblages despite being present in the undeformed granitic wall rocks.
Petrography of the metabasites
Metabasic rocks in the Coffin Bay region contain a peak assemblage of grt -cpx - Pattison, 2003; Wolf & Wyllie, 1994) . This reaction is texturally consistent with the observation that the majority of the hornblende assemblage is high in Ti (Table 1) .
Titanite contains inclusions of ilmenite and occurs as inclusions in high Ti hornblende but not as inclusions in the other peak porphyroblastic phases. The majority of the grt -cpx segregations have then undergone the near isothermal fluid induced break down reaction (e.g. Harley, 1989; Pattison, 2003) :
This is a common metamorphic reaction in terrains which have undergone significant decompression (e.g. Harley, 1989; Mawby et al., 1999; Zhao et al., 2000) . This reaction has occurred to various extents in different samples, with some samples showing complete replacement of peak grt -cpx, which are now represented by finegrained intergrowths of hbd (low Ti) -pl -qtz ( fig. 5c ).
Deformation of the metabasites is interpreted to have occurred during metamorphism because garnet bearing partial melts cross-cut the shear foliation and the post-peak mineral assemblage (hbd -pl -qtz intergrowths) are wrapped by the shear foliation.
5.
Thermobarometric constraints on metamorphism.
The thermobarometric conditions for each of the selected metabasite assemblages were calculated via the average-P and average-T approach (Powell & Holland 1994) using the computer program THERMOCALC v3.25 (Powell & Holland, 1988 ) and the 2003 update of the Holland & Powell (1998) internally consistent dataset (v5.5).
Activity-composition relationships for minerals used in calculations were calculated using the software AX2000 (Holland & Powell 1998) . Garnet cation profiles are typically flat, consistent with the values obtained through spot analysis (e.g. fig. 6 , sample SB 4). Some garnet grains which had undergone the least amount of retrograde resorption showed a slightly bell shaped curve for Mn with higher concentrations in the core and lower towards the rim (e.g. fig. 6 , sample SB 31). This is typical of prograde growth zoning (e.g. Spear, 1993) and is probably a relict of the up temperature path. The higher X Mn value appears to be accommodated by a slight decrease in X Fe .
All P-T results for each sample are presented in Table 2 . All analysed samples contained the assemblage hbd -pl -cpx -grt -qtz -ilm -tit. All pooled pressures and temperatures are weighted averages with quoted errors at 2σ. Average peak pressures obtained from the core compositions of minerals from metabasite assemblages range from 9.5 kbar up to 10.6 kbar with uncertainties up to 1 kbar.
Average peak temperatures range from 713°C to 763°C with uncertainties up to 57°C.
Post peak metamorphic conditions obtained from two samples with almost completely reacted out garnet -clinopyroxene produced an average pressure of 7.1 ± 1.4 kbar at an average temperature of 785 ± 100 °C, consistent with the decompression textures observed in the rock. 
Age constraints on deformation and metamorphism
A combination of EPMA monazite and SHRIMP monazite and titanite geochronology was undertaken in order to constrain the timing of metamorphism recorded in the metabasites and felsic shear zones. Monazite EPMA chemical dating was undertaken as reconnaissance geochronology on a number of migmatitic and mylonitic shear zones from around the peninsula ( fig. 4 ). However, as there can be large errors associated with EPMA geochronology (up to ±25 Ma), SHRIMP dating was also used to better constrain the ages. Monazite was selected as it was ubiquitous within the felsic samples and was believed to be more suited than zircon to record the age of reworking and less prone to inheritance. Titanite was selected from the metabasites as it was the only accessory mineral amenable to U-Pb dating techniques within the peak assemblage. Offline corrections were made to account for the overlap of the second order Ce Lα escape peak with the required Pb Mβ peak (Pyle et al., 2005) , the overlap of the Th Mγ peak on U Mβ and U Mz 2 on Pb Mβ. The ages for each spot were then determined using the U-Th-Pb concentrations, and the statistical methods outlined in Montel et al. (1996) . (2σ). Concordia plots (Tera & Wasserburg, 1972) and ages were produced using the Isoplot/Ex v3.00 program of Ludwig (2003) . Pb ratio with the isotopic composition of the common Pb component modelled upon that of 1700 Ma average crustal Pb (Stacey & Kramers, 1975) .
Normalisation of Pb/U ratios was based on a plot of ln( 206 Pb/UO) vrs UO 2 /UO for 11
analyses of the Khan standard, which produced a calibration error of 2.50% (2σ).
U-Pb Geochronology Results
EPMA chemical dating was done 'in situ' within thinsections, preserving the textural relationships between monazite and the rock fabric. All analysed monazites were located within the fabric and not as inclusions within porphyroblastic minerals.
Monazite EPMA chemical geochronological results range from 1691 Ma to 1736 Ma (Table 3, fig. 7 ) and are consistent with those obtained from SHRIMP isotopic methods. Due to the spread of ages and relatively large errors no difference in age could be discerned between the migmatitic and mylonitic shear zones.
SHRIMP monazite U-Pb geochronology was undertaken on two shear zones: one mylonitic adjacent to one of the metabasite intrusions (sample 2/05-11; fig. 4 ) and the other was a wide migmatitic shear zone on the south coast of the Coffin Bay Peninsula (sample SB 17; fig. 4 ). All monazites analysed were between 100 and 50 µm in size and pale greenish in colour. Textural relationships showed that the monazite contained in the rock is within the foliation, and not included within Table   4 , fig. 8 ).
Titanite U-Pb ages come from metabasic dykes which contain a peak assemblage of hbd -pl -cpx -grt -qtz. Texturally the dated titanites form part of this peak assemblage. Due to the low concentrations of U and Pb in the titanite grains, individual spot errors are large (Table 5, fig. 8 ); however, all data are concordant or near concordant and combine to produce statistically meaningful concordia ages.
Sample A2020 (n=19) produced a U-Pb concordia age of 1712 ± 8 Ma (MSWD 0.12).
Sample SB32 (n=13) produced a concordant age of 1708 ± 12 Ma (MSWD 6.6).
Interpretation of geochronological results
Recent experimental data on the diffusivity of Pb in monazite suggests that for a 10 µm diameter grain, the Pb closure temperature (T c ) is in excess of 900°C at a cooling rate of 10°C/Ma (Cherniak et al., 2004) . However, in migmatitic rocks it is likely that monazite stability, rather than closure temperature, will determine the age of monazite grains (Pyle & Spear, 2003) .
The stability of monazite in melt-bearing peraluminous systems depends on a number of factors including the solubility of P and LREE (Pyle & Spear, 2003) .
Experimental monazite solubility data, determined as the total LREE content of granitic liquid, suggest that monazite solubility decreases with increasing Al content of the melt (Rapp & Watson, 1986; Wolf & London, 1995) . However, experimental evidence shows that the solubility of P in melt is also a function of the Al content in the melt (Gan & Hess, 1992; Pichavant et al., 1992 (Pyle & Spear, 2003) . Given that there is no evidence of inheritance in the shear zone monazite, it is likely that all original monazite dissolved, and that the monazite ages in the migmatitic shear zone sample corresponds approximately to the timing of melt crystallisation.
The SHRIMP monazite age obtained from the mylonitic shear zones is identical to that of the migmatitic shear zones. This suggests that monazite in the mylonitic shear zones recrystallised (probably via a combination of dissolution and re-precipitation and solid state recrystallisation) at the same time as monazite growth in the meltbearing shear zones. In this case, the simplest interpretation is that non-migmatitic shear zones represent fluid poor structural equilivents of the migmatitic shear zones.
The EPMA monazite ages come from both migmatitic and mylonitic shear zone samples. The resolution of these ages are too coarse to be able to interpret different monazite growth events from this data. The above observations are consistent with the observed similarities in the orientations of both the migmatitic and mylonitic shear zones and the lack of any evidence for overprinting relationships.
Estimates of the T c for U-Pb diffusion in titanite vary from c. 500°C up to > 700°C (Gascoyne, 1986; Scott & St-Onge, 1995; Zhang & Schaerer, 1996) . However, recent estimates have placed the T c at approximately 660°C for grains with a 100 µm radius of diffusion at a cooling rate of 10°C/Ma and a T c of about 700°C for a cooling rate of 100°C/Ma (Frost et al., 2000) . by a period of near isothermal decompression producing pl -hbd coronas around grtcpx (e.g. Harley, 1989; Mawby et al., 1999; Zhao et al., 2000) and calculated metamorphic conditions of 6-7 kbar at c. 700°C.
A major hindrance in determining a detailed evaluation of the larger-scale interplay between deformation and metamorphism in the south-western Eyre
Peninsula is the paucity of outcrop. Importantly it makes determining a mechanism for exhuming the lower crustal rocks speculative. Limited structural data suggest that the migmatitic and mylonitic shear zones developed in a regionally dextral, top to the NE deformational system. These shear zones were later deformed by a regional scale tight easterly verging fold system which lead to the apparently conflicting kinematics now seen in the shear zone system. There are no direct constraints on the timing of this folding event except that it must post-date the development of the shear zones. KAr data obtained from biotite and muscovite from the Four Hummocks and Coles Point ( fig. 2 ) indicate that the region had cooled through ~ 400°C (Hames & Bowring, 1994 ) by c. 1650 Ma (Webb et al., 1982) . That these ages have not been reset during a later event suggest that the folding occurred late in the Kimban Orogeny and not as a discreet, later event. Previous Rb-Sr (Nebel et al., 2007) , K-Ar and Ar-Ar (Foster & Ehlers, 1998; Webb et al., 1982) geochronology together with the geochronology presented here allow us to interpret a temperature time path for the western Eyre Peninsula ( fig. 9 ).
Following rapid decompression, cooling from peak and retrograde temperatures of around 730 °C at 1720 Ma to c. 660 °C at 1710 Ma (recorded by the T c of titanite)
occurred at a rate of about 8 °CMa -1 . This was followed by cooling at a rate of about 4 °CMa -1 to 300 °C at c. 1620 Ma ( fig. 9 ). This, when combined with the metamorphic constraints discussed above, suggests the region underwent an initial near isothermal decompression from 10 kbar to c. 6 kbar during the Kimban Orogeny, associated with the development of the shear zone system and regional folding. 1760 Ma Price Metasediments (Oliver & Fanning, 1997) , which form a prominent Kimban aged synclinal fold immediately to the east of the Coffin Bay region ( fig. 2,   10 ). This curvi-linear structure is best discerned in the TMI image to the south of the coast line, away from the dominating high magnetic response of the Price Metasediments, and in part parallels the interpreted fold axis seen on the Coffin Bay Peninsula. It is interpreted to be this structure which juxtaposes the lower crustal rocks of the Coffin Bay Peninsula against the upper-crustal Price Metasediments (Oliver & Fanning, 1997; Swain et al., 2005b; Teale et al., 2000) The tectonic system proposed here is similar to that proposed for the eastern Eyre Peninsula where the Kimban Orogen is dominated by the dextrally transpressive Kalinjala Shear Zone (Parker, 1993; Vassallo & Wilson, 2001; Vassallo & Wilson, 2002) , which exhumed lower crustal granulites within the high strain belt ( fig. 2 ). P-T conditions reached 10 kbar and 750°C (Tong et al., 2004) . Sm-Nd garnet-hornblendewhole rock geochronology suggests this metamorphic peak was reached at 1730 ± 20
Ma (Hand et al., 1995) . To the west of the Kalinjala Shear Zone the degree of exhumation appears to decrease dramatically (Parker et al., 1993; Hand et al., 1995) .
The variation in metamorphic grade across the Eyre Peninsula implies that the upper crustal domain, represented by the Price Metasediments, is bounded on both sides by domains with steep exhumation gradients, culminating in the exposure of lower crustal rocks ( fig. 10 ). In the case of the Kalinjala Shear Zone, geophysical data of Thiel et al. (2005) indicates the transpressional shear zone is sub-vertical to at least 25 km, implying that exhumation was probably driven by translation along the shear zone rather than across it (e.g. Goscombe et al., 2005; Goscombe et al., 2003) . In the case of the shear fabrics developed on the Coffin Bay Peninsula, and the interpreted major structure seen in the TMI, their geometry at depth is unknown.
Conclusion
EPMA monazite and SHRIMP monazite and titanate geochronology indicate that a series of predominantly N-NE trending migmatitic and mylonitic shear zones developed on the Coffin Bay Peninsula between 1725 and 1700 Ma during the Kimban Orogeny. Granulite facies metamorphism at this time is recorded in deformed and metamorphosed mafic dykes, which intrude the peraluminous granites of the peninsula. This was followed by near isothermal decompression during the exhumation and juxtaposition of these lower-crustal rocks against the upper-crustal Price Metasediments along a regional scale interpreted shear system. This tectonic system in part reflects the development of the Kalinjala Shear system on the eastern Eyre Peninsula, which also exhumed lower-crustal rocks along a dextrally transpressive regional shear system. KEY TO STEREONETS pole to migmatitic fabric S1/S2 pole to mylonitic fabric S1/S2 mineral stretching lineation L1/L2 
